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This thMia PN!l1$0t$ the reaulte o.t a atu.dy 

.,,r the ta,ctofia lnflumc10.g tbe 1nd.gn1.t1on potflntl&l 

(, f an a.lt@rnat1ng eu11-.rent aro.. '!'be data we~o obtained 

trom vol taq,e t,1e1l-l~.;£Nflle ot aros b-0tween eleotir•odtui 

<>t dU'ferf/i\nt ttaat0riale, la •••oral gase.s at presaur~a 

fr(>m 2 ciu . ot Bg ... to atmostJber1e,, tor • gap ot l m.m. 

and a ser-ifU\ {;~t eurp~1ts. 

It was found that at low J)P(, $SUl"G<$! tho Peigni t.1on 

p,, t ~nt1a le ot oeppcU'"• graph1 te and cal"b(:in were appr ,.}X• 

1.mately t •b• eam@• ~asent.1ally lndepend~11t ot eurrr·nt , 

pr,,port1onal to the prr,iH~ure and l o•~r than t.be spark• 

int; pettlnttal. At mo-de:-Nti1 and high p,r~$8lUr~s the 

r&ign.ition potential d$Cre&tHld with lnoreas~s 1n the 

currffint. thia ~tf~ct. b~irli p.ronounettd for .gNpb.1 te 

and oa.rb·1n •blob acted ~aotly aa • tnetal und4iir thee.H! 

C)nd1t1nna t or low cu.Prfflta. It wac found that when 

th~ curre.nt 1n a gNJ>h1 te or carbon arc was 1ncr01u;;ffld 

oeyond • oerta1n value t:he r~1,.,n1t1 c)n pot@nt1al dti, • 

creaa~d ~1th the tncr@asea in ~eswre. 1.'h1a effect 

we.a r.111t presiffit in the cue ot the ~~tale. 

l mpuri tie~ having a l ow wr,rk rune t1 on are sbow 

l 



to d~or.,e-1uu., the rctin1t1on pot~JUtial :mariutd.ly. 

C •Ju.di ti "na f'a V{'i.r'1Ui a b.1gh t~ p ere tur-f} r, t the 

el@ct~J1dt2s ehw tMd t.o dti~NJ6U~ t he r~lwinJ tl on 

pot~ntial. ~t.'he r.e~t:d.t.$ ar~· s i, .. -.,in tti o~ c"'~ ~isteut 

wt th a th«!!Ct"Jr ct Ute t;Nm&1 t1:')n front fl gl,nv tt) an 

are p:rr:,pos~d by nr • .:;:, ,.,t, . iia.okGO,ffn, undflr- •hose 

d1.r~t1r:,n tble research ••~ dt3ne. 

A pap(!!P C<)Vering pert nf the ffl:1tper!aental 

rescol te l"lae been accepted f{},J!' puhl1cat1◊& 1n 

'f-\'.l oe tvical f,n,.ineer1ni. 



It hae tie• lil-hown b,.1, reet1:t1! paperfi on the 

aubJe:ot that the mflt$.r18l of the el~ctrtld$e ot: 

an al t elnta tlnij ouP~e.n t ai-e 1nfluencu,a the arc 

r$ 1 gn 1 t ion to a ma,.ked <legl-'4.Ht. 'Ihu s , 11•0<1d and 

far omie11 ha11e sh<Y.ffl that th& pr.itm1t1al required 

to N&t.r1k$ an alternat111g ftl'-rffit arc •hen the 

burn.1-tlf: P-<>tent1al at at.~ospberi.c preseuJl'e, pNvid• 

ing the eleotNd.1tta a.r@ of carbon .,_1r tungsten. aow • 

to supply @uff1c1e:nt themit)JHl to yield the large 

eurr-mt denaitleia t ound 1n t ho Ngion (1 1' t·he cathodfJ 



a~ &Pe • t. fit sttffi.e-ien tly b1gb. t ~:~.P~n t,:1r~ to 

t'U,!1'.ll.1Sb all. tho el OGt..t>',JnS neo~1u11a..r1 f ti,JI' CIU"flff1ng 

the a:rc current by ther.,n1c:-il1c em1&-t-1on. 

nt .th el~ot-Po44?t1 of material that 1a n.t}'t solid 

at tneac b18h tMp6Nture1» 1 t 1• n43l0eaaery to po~ tu• 

late :$O~ e .:-,ther mechanlS#l ,r Pf't;H.i.u.o1nt th.e la.vge 

cethod.e &fJot. A blghly acce►.pta.ole tt:leoi-, of th• 

catbod.e dN>&-> tn the eal7~s •bel'e tl'le elect:NH.'.lee 

o•nnot extst at v~1 h1gh tempera.tupea, ta that the 

e.lectrone are dran out from ta oathndl.l' by tn,e 

action ot the fi.Ct.PlilmOly b.1@h el.ot-P1C field& that 

eli!at there. 1'1.e,H~ electric f1~1.de have bi,:oo show 

by Pr. Mackeown£ and quite recently by ~yer4f) to 

be c f the nl-der ot 10° vol ta p~tr <:entim('~ter and 

IU"t:': duts ta th.e r o .. r.net1on ot e P'-' $1t1ve 1(}a sbeatfl 

at tb.e: oatllod'0• this sh-.th ~o-nst:lb1-';\ii~e the .catb.;;1de 

drop and oemirs in a region V$f'J cl0ee to t:neJ-■J':twde, 

'1i'l1 m the c\trr~.J.1 t .1.11 •n a 1 tet-ne t1rvr, ~.:t•ron t •~ .r0-

v ers e.a. it is nt,00,1u~aey to produce th1$ veey .ll-1ib 

wh1ch was tomerly the an.tide. t:n t}t-der t o do th1s 

it ia aes;,R1«i that a n;low dta-cha~e f ir$t forms w,1 t:h 



1 te rt~lat.iv"ly h!gh oeth.odo d~op• ext•d1n3 r.iver 

ti l"elativ,a,ly lar-~e d .ia't-iU'UHh A- th• c.ui•r~-tlt, 1n 

, t:h1a di-.eh8.rge 1nC:rd.ti~$ , th~ curr-ent densi t y 

reaehEl>si a 11m1t at wh1eh the dl~aha»t• '3h•n~e!l t <; 

an abnormal gl,i>tt and t -ht1 ma~n1 tu~~ 1)f the oa thode 

dr<l'p 1ncr,,,,ule$ and at ti'rn tame ti~e the r-ttg1on. i ) V ~ ,:r 

IMhiob this Ql"()p ~xiatc d ei.ovM&$-tt; ooth nr these 

ef.ft?;o. ts pP~.:>dUein~ an in.c:ree.s.e 1n the at:N:mith of 

the el~ctrt-c field •tating at tile oath,,de.. At E}Or.Je 

ci-1t1eal value t tle lari • eathtu1e IAP>P o.f tbe 1low 

d1soh.a.rg~ Ch,llapsea into t.he low eat.hod~ dl?'Op (:it 

thfll arc wb1ch, lv:~~eveir,. at~ o vii-, • ve~" e:wall 

.region. frane1t1oo .fr;-:i-m a glow to an •t--c occurs 

very rapidly 1t the eui-re-.nt Sa h1p• but 1 t must 

oecutt at e,v-$17 r•versel , t the c,.u i-~011 t, and • 

rGla t 1•e,ly h1:@:h l'eetr1k1n~ t;>.Jtent1al 1a neo'1!~&~ary 

it th.ti eleetr-)d~ o ·ter1al 1a not a sc,ltd at a v~ry 

h1~h tG1111;>e.<HtUl'°tt• 

.Ani;:.thti!.f.t" t!:}f;O ry ,f the catll• ~de drop 18 thet 

auffioitm.t 1t,n1 •tlo-n tal:ces plae (i'/ bf th• e,p,.:.1nt,,aneaua 

b'realtd.uw ,>f n$tltnl atoms t o tone and elt'letrtH'll 

beceuse •)f high temp~ratur~ t o maintain the ,~iaehargei. 

'this theory it o,:i ve;r~Jd 1.n 1'"(.if erene&1& 18 t ~.., 22 in• 

elue1\te_. end ~111 ·tv•:,t be c o1uddered :tuxat..h~r because 



1 t hae be,tm til'F~ "e 1 t~hat tlH•Pe are sev,iroal 1mpo~t

ant o-oJ~ti::J-ne to it that l!lak~ the theoi-J unHlt.1s• 

~u.111b:r1uffl betw•m the r1eutre.l gas !1.wlooul!\•s, tbfi 

ii:ins, end the elootl"-.n.8 1n the reg1<m of the o-•tbode 

drr·,p , whf.oh _1!!1 not a t e.11 Ju&1t1f1ed. 

A "1tH& t interest in,, atudy of' al ternat.1ng eurrtrot 

ar-o ehanc,te-r1st1os ha~ reomtly been reported by 
. ;\ ', ~.-· • 

b ~~ 

8,01~,iePY 'ilho has ve,r1f1ed ¾i&t ia~ri' a··•.<.. c laud;~icetion 

.:>utl1ned. Group IIl 1~ the I.Pan ~l~•UP oi' Pt , :,_:,n , 

l'b , Ni t 7.,;n , Al, 'Pt~, o.nd Cd wh1cih h8Vili: (H'.\8l"&Cteriist1c$ 



iao...-1ag tl!le p:Naaure Ntdaaed the C\\P1-fttlt at 

'.(<lfhioh tile 41••~ eh•nf,l;ed ,~1m a halt cyol~ ~,t 

~M glow 41•C?bOI• which ·• ·• NJpte:s.ted e ;,nt1nuoualy 

to one whieh started out em a glow bQt eunged 

eas-11 1s tbe half eyole to an af'C, the etteot being 

41tfeNnt t::u- 41fteNnt elnt'Nde mat•u•tala studied. 

Inonutng ttie tNqaenoJ Nduced. the eurNnt at 

wh1ch tile 41Nbal"gtt obaQged f•• • glow plue am 

•.re to an &N and aleo bad a aall •tteot 1n rewo• 

1ng the CHll"Nmt at wh1eh a ,UN glow dUoba~1• 

ehanged to• glow plue an•"• 

Sl.eptan ant! 1:.u<1w118 bavfi ahown tut tor \he 

s1•~ aN the tren•1tton, oi, baek.-tli-e •• it ta 

called 1n a reotlfle-r, tron a glov, to an an •~ems 

to be • Nmdom pb.momenon. Thc~me and lif$4'P 
7 

in the1r 

studicus of tho glow dleeherg-e touwl that th~ tnns1• 

tion from • glow to an are depfflMd -upon the con<li ... 

tloa• ot th• eleotr-z:4• aurtao~. sevr.,w.1 \'lthor paper-.s 

along thla line,. b\Jt ot lesti lmportanee• are listed 

in the B1ol1ogMJ.}hy. 

'rhe re.aeatr'eh Hported 1n tbJ.e t,tl••1• ....... wb.1ch. 

1ne1d.entally. waa •tarted bef£i-r-o tne most interee ting 

of the abow ettect paper• wue, P'tbllaruHl •- •• 

undel't-aken to ••e it' the data obta1n•d at lQW pn-asurtiui 

7 



for short ans bet,w:een var-1 °:~us ~•tft-Pials and in 

ditt~l"tf,1'lt gau;f}s oot.114 thPow more llgbt on the 

tn.nait1oa from. • glow d1aoharge tr!} an a.re .. 

Tho •xpel'iaental appentua a'.nown 1n F1.g. l 

wa.6 a-r-i-anged e .epeo1•11J tov the atudy of altemating 

o\U'Tent ane under gaz pia•••ure• tr-1• a tew m1llb.te• 

ters ot meJ'ICUl"J to atmoapher10. The elect.rode 

holde.ra ~ Fig. 2, we1• mounted on a h. .. v1 ti la& $ plate 

end coveNd OJ a bell jat- wtth su1t-ahle oonnectir.tna 

to the vaouwa pu~• and ,Pl'~S,$U:r'11: gagee by mean• o.t 

Wl\1eh th'@ gas PJ"♦HUN QS: adjuated to the 4es1Nd 

value p.r-1or to atJl'iking the aN. All the flOrk waa 

donff wi tb cylindrical •eleot-P,.,des or 6.4 mm . diameter~ 

the arc oco-..tring b~tiiileen th(f.ir, plan~ end m.PfacEi~. 

only one tt.•P setting ,gas used which ne 1 ;mtt. It 

would be Sne-tmet1ve to carry out the ,aame tests 

tor aeveral gap 1te!tt1ngs but at th1~ time it ee~1ed 

adv1eable to ellm1nate a.s many variablet:1 •• possible~ 

r!'he Oil'C\11 t UMd is shown la P1g.:5. R1 ia a 

nigh Na1atanoe which_ when th• ctrcuit 1a ooergl&f!ld, 

~111 pre"ent an arc t:rom atrtld.n@ b7 limiting the 

o,urr6n t t o a very, small value; at l ow pl'e&s.ur-ee 



th1® JXtr.m1tted a glow diacharge to otat, bll.t at 

p.r--ea&tu•~• above fJO e~i. <:> f Hg no di1u;h.a:i-ge 1roul4 

take pl.aee when tb.le res1 ataace •• 1n the e1rcu1 t. 

T.he ll&lay which ebol"t ca<.1u1 t-a n1 1s connected to 

th& c1Hu1t energ1a1ng the oacillograph ftbuttel' 

.md ft£ set to ope-nte after toe oac1llognpb. had 

JJ11e<H1Pded appz,o.a.tmately one cycle of the voltage 

tmp.i-essed ur,oai.t the •lecti-od.ee. snort c.1nutting 

R1 •nl1es •lffl.Ost the tull tranaftu•er aeo:.u1aaJ7 

voltage v,, acl"'Oes the i•P and. oauaeta an b.tmedia te 

bNakd.om lato AQ aNh ~ ds u•ed to ad.Just the 

ai-o cuPr,uit. whioh ••• meaattPfHi bf tbe ammeter A. 

-~ det.:emtned the •pl1 tude ot tM ••101 ot tb.e 

o. E:. magnetic oeo1llogrepb. element a tb.ls :r~siatace 

bad a value ot •p.proximately 30000 ohms tor moat 

ot the teat-n. All these »oaiatanoes were Bter 

r,u,1.atora. The poww t~ the ef.reu1t ••s obtained 

ti-om the pegular 60 cycle m.a1na ot the Kellogg 

Radiation Lat>-:u:"etwy. ~o t ,NnafoPm.6:ra wei-e avail• 

able. one a ii{llony \11th a t-at1ng at a,~. 220/2200 

volt and the other a tieatlngbouee 10 ,Kw. 220/6eoo 

volt. Using the eb-ove m&thod ot atartin.g the 

are l1mits the a~e currient to values under 40 bt?fbNI 

and most of the l"'-Oseareh ne oont1ned. to valuea ot 



eu.rJll~rit l•t&:f.\ tban. 15 a.t~J.,ell"¢s.t . 
·'<I 

'i'.lHi ere '#aiS $-1 l owed t c bum only long ffi")ugb to 

complete th@ oaetllog""'--n • and frequent a,dju.stments 

# CH mad.• or tbe a•P to 1:u,·UP@ the 4eai:re.d ae:,ara• 

tion o.f th• electro4ee, at the eUMD time clefltlinti: 

the u--01111 &Ul'taoea. fop pNean1Nc: above S em. 

ot Hg no 1n-oN-••• 1n pNeeuN na obaerved atteP 

t.he &N bad laated. the av•~• time of 2 1u,oonda. 

'i'he re-au.lts tor metal electrodes, graph1te 

1o air at 8200 volte.. btpur1ty teetu, and copper• 

carbon tests IM&re obtained ent1:rely t:rom oaetllo• 

,:nma. It was t'ou:n-d tbat 1n the 0th.ex- casea 

CO!l!lp&rable re-su. l te. Gould be obtained by using the 

oscillograpb •• a vibration gal•anomete-r; the re• 

1gn1t1on potootial. ahow1ng up very w4'1J. on the 

screen giving a ••lue wh1oh waa al•ys within 6% 

of that obtained bJ averqing the individual 

Ntign1t1on potential& t~om an oacillogra.. 'Pl!'J-st 

Q&Oillogl"&l',fta wepe taken at r-r-.quent ir,te-r-vala to 

inaur-e the :rell•b111ty or the data. (,sclllovams 

'l#e:re taken ot 560 d1tferent ape eond1t1ona. in 

add1 t1on to the l•g• emowi t ot data t&k€>>1'1 di rec tlJ 

ff'om the oao11logi-aph eor(fi€'A. 

'the epar-ck d1acnarge c.urves which are included 

10 



CCllt _.•J:•Nme• pu;•peaes 1n moat of tb.e tJ.gupee and 

tihloh _. aumw1M4 bl Fig.tl .irero obtained by 

charging a 1/1 m.td. conden••• in ~•llel with 

the gap bJ aeana of • Kene tl"'l'>tl and • 1.000 volt 

tnn•£arm•P• Tll8 cllaoba.t-ge voltage being me•au~fl!d. 

oy • •••fully eallbratod electrostatic Y<1 l tmeteJ/". 

fM . a'f8nge ct tiff bpeakdowna b.e1ng taken as the 

best value. Var1at1ona tJ-:'.:!m th1• average weN 

loes tbM 2%, .. 

ll 



In thla reae&Nh a atudy ha• be-cm ude of 

the n1p1 tlo-n of • •" between elect.ro4e8 ot 

•u-loue metett1•l• operating 1n ••••nl paes. TM 

et.teat ot cun-ent •• gaa pr&a:lur-e upon the cbarac• 

tel'1at1oa ot arc• bet·we~G theee materials wae d.e• 

t.erm1ned aiui the Peaul ts p:r-eaented in the f 1.gut-ea 

which will ahortl.y be eons1dffr.a in detail. 

The etudy ••·• o,:i nfin~ ent1Pely to the ai-c 

N1gn1t1<m potent1•1 «rhicb. waa taken to be t he 

.ubaum •al\le ot Yilltage attained prior to the 

z-e1gn1 t1on of the are. At low pi--easurem :it ha• been 

noted that the e.x.t1ngu1ab1ng potentia.l was approx1• 

utel7 that ot th& normal glow voltage whloh appeared 

oetoi-• the ai-o at«aJtted .... the nofflal cathode drop. 

The ette.et ot ~••aur-e end ounen t upon th1" part 

ot th• tt1aobapge waa not dete-rmined beoau $ e ot the 

1nab111ty to obtain tb.1• voltage a.nd tho nign1t1on 

voltage on the ••• oaetllognm. Fu~thet" 'iroll'k a.long 

th1e l1ne would be valuable. 

Th• •lectrocle meterl.al was r ,lu.nd. to hav@ a 

pJ?<_:>n t1unced ettect upon th~ re1gn1t1on. potential. Thi• 

quantity varied froM eye l tt t :::;i eyele depe-nd1nt upon 



tih.e eleotit0d• utei-1-1. tor epeetPGaeoplc graph.1 t,e 

the •••tatlon _. leas the 5%. ; tO't" pi-o.J•etc.ii- e~on 

1 t ••• •• tmeh •;1 •~ and tor, metals 1 t ns. otten 

as r,ucb &ti 83%. ;gl'per-lm.ental points 1n41oated on 

t he curves a.r• each the a\YfJllage l!lt mu:r-e tbaa •e•• 

values end tn ~•t oaiuta at leaat thirty five values 

were .a1feN.e;ed.. 

Figa. 4 and 6 are typ1Qa1 oac11logNmi a Npre• 

aent1ng th• drQp 1n potential aepoaa an •re between 

gNph1te •lee'CPocle& in air tor e1gbt values of a1r 

~•••Nh The 1".m. a. are cuP~at tor eaeh ot t j:iea e 

case• n• kept em:iettant at 1.1 ap~.rea., ?·1g. 4 

&bow• the voltage drf:ip .ac~, ss the i•·P as a tunctiou 

o.t t1m~ t<:tr low preneur4.'1a., It ia to be noted. that 

t;h.e "f'o.l t..-. .ge r1aes berr,N the oUJtrent revene.a. to 

• value which 1a api)NXimatP-..l.J that of the cathode 

d11op of the noN&l glt)W dtaobarge in eeob case 

NcoY?ded hero. a~tor• R1 was &bt'>Pted, at point A, 

a ~low d1acharg~ w&$ taktn1 pltlce 'between the 

ele.otrodea.. At a µreav.ur~ ot l cm. o f Hg an arc 

dld not st1-Uc:-e •eh halt eyol~, but tbe voltage 

did. drop in acme case$; ~.g. half o:ycle numbes- 6, 

t c, • ft.lue 1nttll"med1ate oetw,u,n that of the al'C 

and tho normal catbi:::,de drop. ~rne e1'planat1on tor-



tn1a oehav1or, #h:teb wu not~ on numeroun 

oec-aa1on.g _ •t low pc-~3aur~s • 1~ not knt) m .. nie 

gN.phi te electpo,d,aa f (:)'f> this i-ecord i¥fl're {,otatned 

fi-ora two d1ffel"wt soure {'e. •hich aeermnts for 

the alight d1ttffencc betwe,m ind1v1<1ue.l ehal"ac• 

ter1at:tes, i.e. whtm. e-:tthe-r- wae the cathode; thi.e 

•ill b♦ d,1aO:U.@-=ed fuz,,-tner \U'ld@P btpul.'1 ties. It 

ahould be noted. tt-.dlt th£! re1,za1t1on and e.xt1ngu1sb-

1118 e;lo!Jt d1acbalrg$ duration 1• reduofJd. ae the gas 

pre1una.n 1s 1nordetid.. t/:J e.omparing F1gfl. 4 and 5, 

it la ••en that the duration of the ppelhsiney 

glow at bt.p preaumree le too ahoPt. to be recol'ded 

bf• upetio oao1llogt-aphl atnee the clPcuil! 1• 

al:'l'lo&t puN reatatance, the voltage across the gap 

r1aes apt}r•rtx1mately e.11 a •1n$ we:ve to the rf.li@ni• 

t1on potential. The e.xt1ngu1•h1ng voltage is not 

v 1s1blo becau1te i:1 r the chanrl;e in o,allbreti(>n of 

the Tel tage element neceaaary to record the higb 

.re1gnit1on p~,te-ntlel -• The reignition potentials 

,,t Ft.iu. 4 amt 6 ar-e Pemarkabl.y un1fcn-m due t.e;, the 

taet that tbe electr.,:1dea were puPe. 'rh• el"trelde 

which ta eatbod$ -when the vciltage J,e above the 

cel'"o line w:as • aµeotri,ee-op:1c eloetrod~ mad.fl by 

the N·a t1onal Carbon Compa.ny. 

1"'tie oaeillog.N.m o.i' F'ig.6 enorol t;he ett&ct ot 



our-rent upob. a,n &Jte o.ctcu.n in·g betwe,eifl op}:)os1 t.ff ~ldtu,od:es 

ot coppel" aad oa,• oon ro:r ~ ;Yt-tuu1u.re ot 5.l ei:a . ot Hg , 

Copper 1 e the oath~@- when tbe voltage 1a above th• 

aero line. The Pe1gn1t1on and ext.1Jltll1ahlng glow dis• 

cbargea ot tlae coppf>?i cathode ••• aeffn to be or ahort• 

er duration •• the current is 11lor•aed, 1. e . the a:,-c 

sta•ta sooner and P•ra1ate lon@er f r) 'if'! la•a• currents 

than t o,,- small clU'r•te. For the carbon eatb.od.e the 

re1gn1t1ng 1low 1s of •boi-ter duration then wba the 

eopper Sa the o•the.d.e under the 8'&.me cood1 tiooa. 

'l'he arc ebaNooter1atS.c dep.ads to a cona1deable •• 

teat upon the uter·tal tbat 1.s tbe cathode. 'i'hle 
6 

d1t.teren,oe baa been pointed out b7 .$omme• : bowev_., 

tbe ebaNeter1at1ea al'e not the ••~ aa 1t the oppoa1te 

el&&tPod.e wae of tbe sue mat,t~t•l aa th•.~ oathod, for 

the propePt1ea ot the opposite eleetrod• ot an alter• 

nat1ng cuz-i-.ut &NI have an i mportant ettect upon eithe.r 

ebaNcte:r:letle ·•• w111 be see l•t••• A r-ecoz.d ot the 

copper-carbon le not glven tor high ppe:u•uree,. beeauae 

then the oaly d.1tferenoe ta the chaN.otertatlca 1• la 

tlle11" m&J{Jl1tude. 

'the variat1r.m with gaa preeaure of' t.be p4:,1gn1t1oa 

potential or an •re bet•em pu.re gnphite electrodes 

in a1i- ia ahow.n 1n ?'lg . 7,,. These eloctrodes were 

speeiel apeotro&oo-pic ca.rbons of tho Net1oul Carbon 
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co .• wbleh ~.,.. Md$ or •p-ially purlt1ed .g.ra.ph.lte 

uvt.q oonaiclenbly leas tbea 0.001:1, aah. Aooordtng 

to the 8mlfaoturer, aninatlon ot theae carbon• baa 

abowa the preamoe ot a111eoo, cale1um,. ugneatwn, 

silver, aad oopperi : but no carbon baa abo.wn moN tbaD. 

two or thNe: of -theae elemeote an4 aometlmee only one. 

ho were touncl to exhibit only the llnea or carbon. 

It t1lll be eeen t•t for cuPreate b•lo.w 11.8 am.per~ s 

tbe :re1gn1tlon potential 1.nc••••• with 1n.crea••• 1ti 

the ali- PHIURtPO •nd that lo••r ouPNmta have the h1&b.• 

eat re1p1t1on potential. Tlae eparik ou.P.ve 1• approach• 

e4 bJ the ~e1p1t1on pot.ntal •&a 'be cu~reot appN)aeh• 

the relgnitlon potential 1e d1NOtly propo.rtional to 

tlle pNuu1uN. &t 12.s aap~rea · the reignition potential 

la lnd•pead.ent et p.pesauN above 10 n•• of titr,. anti baa 

a value of 6&0 Yolta. Furth&P lncu.•eaaes in tbt! ourrent 

eauee • lowe•lng ot the .re1gn1t1on potent!.al which. then 

deoNta••• w1 th 1n.oNas1ng pNtauiur4h In every e,aae 

thei-~ 1a a det1n1te N1gn1t1on potentlal which 11 high• 

,:u• than the 'fOltage Hqu1"4 to maintain the arc . 

'ialue.a of the ,,elga1 t1on potential to.r preatnu••• below 

10 om. of 8P ... and Rl'~ta oveP a. 5 ampe,pes ee:r-e not 

coru,1dered autrlo1•tly • • liable to Juat1f'y the1i- ln• 
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eluelcm Sa the nnl.t·•• bee-.ee ot the .raot that et 

theae lo• pr•••..-e• f\lrtb.er bcN•••• 111 the an eui-• 

Nnt oaueed the <U,eobarp to •P"•d to tlll• eleotl'OCle 

holden th•••lvea and W011l14 theNION d1atoz-t tbe 

pl'"t1babl~ tut Olll"Nat baa n.o etteot on the re1p1t1on 

potential below 6 em. ot ag. t>ete tn■ Vlg. '1 ••• 

presented 1a Pig. e ao aa to abow tbe effect of 

ounent on tbe re1p1 tion potential tor .. Pious prea• 

au.res. ln this f'1gu-i-e ad all that tollorw ot tho -• 

variable•&, the value ot voltage at our-r•t •en 1a 

ta.ken aa the epark voltage tor thet preaa1.u••• Th~•• 

OUl"ff• show qu.1te ole-arl.y how tme apa.Pk voltage 1• 

appr~ob.e4 • ·• 'the oui-rent ia "4uoed. 'fbere are three 

dlatlnot regions ot bebavlor 1D41cated bJ theee cunea. 

Tbe region l>etwen 10 -4 15 •Pff&• la• tn.na1t1on 

reg1on. the ourft\'8 all oroaa1ng at 12.a •per-e• Md 

:revening thelr ol'Cle•• 'l'b.1• res1oa la one 1n •h1oh 

the te:mpenture of the laoom~ cathode 1• ohangtng 

.from playing a t~~or .t.9 ,- majpr pa.rt:·: 1n ~b., re1p1t1on 

nt the &l.1'c. curves for otb.el' pi-essur•• ar·e conaiatel!.lt 

witb t.be ttu:-c:u, pr~sented and- all euvves czt-oo$ at the 
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b were Pep-eated tu~ing e. tNmsfoNQP having • higher 

e.eoonu.i,y voltae;i; and the roeulta are p:r@&ented in Fig.a. 

9 , 10.- )antl 1.1. :rm this ease lt vaa poas1ble to extend 

the prc,ae.ure P&n{!e to ?O em. of R,:. The CU.l"'V(tat are 

stn.1pt 11n•• alaoet to the mutmum: p.pe•sure and are 

quite oou1ate.nt. curv,es f!1 and. G ·0;r ?1,h 9 were 

t'11ttrap0late~ +.,o el'O preaeUN to lnd1cate the voltage 

• t wt.t1oh all cur,ea 1ater1eotect. The Nl&ti;:,n between 

t .be slope o-t tile line:a of .Pig . 9 and the ape current 

1s g-1....., ln Fig. 10. '1111a O\JPn extended to zero 

mlope give• s.e aapeNa •• th• ~t 1n tb.ia ease 

at. wbloh the Pt,1plt1on potential is lad,pf'.nd.it of 

pres.sur-e. '1'1!le ~eiin1t1,oa,ipot ".nt.tal for this eoad1t1,m 

is given by the 1:"'el.ation V:• ~.' 375 ./- Ap where p 1s tbe 

P,NUl!MlN in cm. or T:.i i1; . and A is the slope g1 TM bJ 

Flg. 10 roi- any OtAnent 1D . that Mnt,te. F1e;. 11 in• 

d1aat-e& the saml't obuaoteria+;io •• F1,tl. a. i'b.e tl"tf.n• 

a1t1on Ng,1en 1a eeen to bEg1n at •b,,ut 4 np~tHt bJ 

both Ftg., 10 and Vig. 11 alncei the euttvaturo rev "-:raea 

at thta point tor t::mt.b re.lat1ona. Pig . 11, 1nda. ,:ates 

quite oleuly that•• the pre•aure be-c0111es qulte l.ow 

the ~t bftcoaea leae end leas• t•otor 1n arc 

l"&!gnitton. F l{t. 11 ia preaeat.4 tor the pu1$pose or 

indicating ~re clearly the ett•ot ot ti-anaf01-m('/ r 
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voltage u:po11 tb,e U1'0 re1gnl.t1on. It 1a obvious 

that tb.e g-.e-nl otfMt of current 1• the ••• i n 

the two cea••·• '!'be cn.u~rent at wh1ob the x-e1gn1t1.-:>n 

poteat:lal ie 1ndepcmdst ot proasuN 1• t-eduoed 

aa the tnnafaftlejf vol tac• 1a n1aed.: but 1 t .a 

•alue 1• onlJ allghtly lowet". The r -eiga1t1on 

• potentlal 1• 4.eoreaaed. throughQ-ut bJ 1ncu.-eas1ng 

the tNmatel'lle~ Nltage. 

'?he aN Nlgnltlon ehen.otor1•l1o• tor PllH 

gnph1t• 1n oommore1al ftJ.tPOgen are al•en 1n PS.gs. 

13 to t6 tnoluat.ve. 'rhfu1e o~t•~1at1ca u-e 

esaotly aitd.laP In form to thoee toP air. The 

small ¥ar·1at1on o£ 1nd1v1dual points tJX>m the beat 

ourre 1s eepeciall7 not1o•ble to .. tboae lldlterlale. 

So~e or th• poillta or i~1g ., 14 l'llh owing the depend

enee of t .he elope 0£ the ..-.1gn1t1on .po tential ... 

directly .trom. 11~ . 13 and the oth$rs f:rottt F11 .1t, 

ua!.zl# Uie J-uatttted . ,uu .umpt1on :) f a linear rela• 

tion bet·ween Nign1t1on pot<tntla.l and ~••au.re. 

The rcuiultu &N seen to be very .eonalatent. Ua.1ng 

t he nlue of slope A from F1g. 14, the re1gn1t1on 

potential UT be compu.ted by the relation 

v • 260 J. Ap. t,.,.1ga. 14 and 15 1n41eate a transl• 
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tion r.,gl0n uaotlr •• 1n the oaee or a1~. th1a 

t ,lm,e. it •t~ at •boil!t. I amp~ N:S., F1$ • 16 '-41.towe 

that the ct·u-.~ac-teP1etica are ot the aM·e tom for 

nigher tnnefo••• voltages. 

•tta.• next gau1 studied with pure grepb1te elec

t~dee was com.me-i-e1al ox1ien. the retgntt1on· 

cnaracte:rtatloea ~ •h1,eh AN preeent:ed 1n tlg. 17 

and 18. The :re1p1tion p~)tent1al•prtu,iu:re rfllet11::,.n• 

$hip Sa llne-ar. Al.1 the OU.rffS 1ntersf!:ct at ttero 

PN8$UN at • ftl.1u, ot 550 V'}l ta llmich is eppr,ox.1.• 

~atclJ double that ot alr and n1troie;n. The d~pad• 

me G t)f the r-~1@1'31 tt,.m potential upon c-01-r-ent is 

d1.ffer~.nt from that of a.tr L"ld nit11ogen for the 

cuwenta lnveat1g.•ted. Afte~ 1.5 amperes the re1g• 

n1t1on p-otmtial deere-,u~ea llri re:~]J' •1th 1ne:r-.s1:ng 

cur,:rm t1 ttuiu•·e being no t:rane1t1on i--ett1on bt the 

cUJ"rent nn,g;e atud1ed. 

"fhe t-tt1gn1t1on eharaoter1attea ot pure fr.J"Aphlte 

1.n eoaAer.-cial carbon d1 {.12t:1de a.re slli::nm 1n Figs. 19 

to 23.. Fig. 19 .xh1b1ts twt, 1mp1'.>t-t.ent d1tfe-.re:noee 

ti-om the cnaracter1at:1ea or air• n1t.rogen ·end oxygen .. 

Fun.t, the curves. do not 1ntere.eot if extended to 

zei-o pNJ&SttN, but the 1nt&ree-ct1❖na are 41at1!"1buted 

between 516 and 675 volte. s econd• the Ol.ll"Vf.ls for 



1,2, and 4 ampere~ ape 1dent::1tt:fll tot- pe.r-t ot t.• 

preau.imPe- nn~$.. :,,Ua-thu, tbei-e 1• more oul'vattu"~ 1n 

tb t"l'8e oharactv1etioe than 1n tnn•o or the otbop 

g•uHith ln Ftg.,. 80 1 t 1.e IH'IHMl that there, S.e • tNia• 

aition i-teg1on betwe«'.l about 4 and 6 •~perea; then 

1a, hewff\t_.• no clfOau,tng of the cu:•vea •• :I.ft 

n1 tNgen and atr. 'l'be aame erf'ec ts aN D.f:l ted. to-,.. 

the htpep tl"'Clnatomer vol ta@e or Figs .• 21 aQt\ Si• 

the.roe being no dit'te111eno~ ln the Pe1gn1t1<.)n potm• 

tlal for eur-ttctnts f'w.m l to 4 ampere•• In Fig.12 

the tnne1t1on ..-~1on 1a bet••• 4 od a .. e a,'t¼perea 

••• • woh moft gradu•l obaJ.ilG with coi-ent bet·ttetm 

the Ngion of alight tetJJ.p,enture etffft and tbe 

on• whox-e • h1.gh t~rti·peMture predominate$ in effect• 

1nR N1gnit1oo. Tb.fl etteot ct t.NiU1a.fo·m:ei- volt-age 

upon the retgn.1t1on potential is S.naioated ln 

F11h 231 tncreaudn@; the applied voltage Peduoes the 

Pe1gn1t1on potents.al and ltl'Javea t-be cbaracter1mt1c 

shape usetially the $Pl$• 

In o~d.f.U" to better exhibit the etteet ot' currf':nt 

on the arc rei&n1t1on oharaeterutios ot P',tN gNph• 

1t.e, a a.i;t ot e<.m~l"t•on our•••,. Ft.gs .. 24 and aa. 
were d.r-ewD. tr>rt t.be .t·ou:r ga..eee atu.dled. In r11e;. 14 

the M,1p1t1on eruaMctera1at1ea tor t.he 1•.s~• as • 
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tunotion at tho P,1'$am.u1e tu1e ah.own fol' uo 

O\U"f'@nta. \%'1th the egeeption or n1 tp;,1,• the 

ordff of MOJ,'!'eG&1ritti rre1gn1tton J)()tent1al for the 

l ~apefte case 1• coa,Ca Md. atP. Fop the s amp$PEr 

ca$$ the ort.ta ta co1 ~ o1 , la• F~:r air and n1t~o• 

gen at 46 cm. i:1t t!g, r'_1i• 2&., it 18 Gleen that 

the v,elgllitton p,, ttrt:nt~al <.lt the uit:l"\">l«t is btghftr 

tbaa tiUlt 'i) -t aiJ- tor cn1nents leas than 7 ampere($ 

and leas tham air f ~ar c:rurrenta sreat@r than th1s. 

At ii om. ot Hg tbi.a ctnanee ot,,cur• at 2.6 uper~s .• 

In eaoh oaae the i-e1gn1 t1.oo p~) tont1al of oXJA:U 

liea b-etfff-1.n the two. "!'hue the, re1gn1t1on poten• 

t1al ot a.ir 1e lowep than tboae 0£ it& conatitufflt& 

in tho low ciu,rent' region and h1e;hf!lr in the b.1.gb 

CN.l'rent rog1on. Ca.rbon dioxide 1s n\p;he-st th.rougkl• 

out at low protum.r~• and for most ot tb~ h1gb 

pl'esa.ui!1'e r.egtona. 

'fiiben two ditteNnt utei-1.ala ar$ used a.a 

eleot.i-ode& in an alternatl.ng CUl"Nnt •i-o• the re1g• 

nit1on potent.lal ls d.U·termt for th• two ~lf 

cycle• and dep~:id.a to • la~g;e ext~nt on th.fl mat0r1al 

of the: new eatllod., tor a glven cun0nt. 'fhe ?'--e1gn1• 

t1on cnaract.eri atlca ,,t botb eopc~HU" and ouoon in 

a1ir wbm each 1a the cathode in the p:-ea.ence c,f the 
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other •:re pr,~aent• tn F!ga. a& to io. Conduoto:r 

cop~e:r> was ua~ f'c,'S' th.1,s f>'tWp(iee. The carbnn was 

th~ ta.tie}~:41 Carb~n Company'• pr,oJe<,stor- oai-b··.m, 

mad~ t>XJM V@.l''f pw:ae lamp black having o.oa,: &;ah. 

Verf/ amiall qu.ar1t1t1es ,~t' 1ulplu~1ttes auoh •• boron, 

irt 'U • alu.rn1m.ua, manga.-,etu1, calcium. amt mag,1uteiwn 

wer<r l:f'epo·rt@d bJ the i~anufactur,er ea being pl."esent. 

'fb1a is a r~lat1v{;ly impure mate<.rial end the ~e1gn1• 

t1on p:G> tqnt.ial . .i weH quite wrat1e-., t he va:r1at1,ma 

being as mu-ch a:e b~ ot the •v~ft;j;e. 1fbe cu~•ea 

ot PltS.20 a~e t or the AV$N.ge valu.•a ci t r~p1t1on 

p,,tential when eoppei- wa.s tbe catb,:lde. In £.ir'ig.27 

both &veM~e and mu1mum va.ltuuit are gi"len., and it 

is seen tb.at for eaeh the ette:ct --::>f curpt1.n t is. 

quite eme.ll at low _preasu.r0ti. At con•tant p.l"e~a.tt:i-e 

the aveNt.ge cb!)per N1gn1t1or:i potential la ae.n to 

b l!';; alino•t 11:v.iependmt ot the f,ntrPfl!nt fl>l" eurr-enta 

above 6 8.2UPE>..res. In the e•IH!) wneve cal."bon 1» the 

oath.ode• Figs. 28 and 29, 1t is aeen that a vei,y 

l ow i"e1gn1t1on poten.t1al is reaehed et about 6 

&.t'\\\p~r-.es 1th1eh ia a.lu o altn-0at 1n4ependt:'..ot of eul"r~nt. 

rt will be noted .• F1.ge. 29 an<! ~o. that •hen ea.rbon 

la the cathode thero 1a fo:r ~•eh cur-rent • prE\a&ure 

•t wbic.n tho Peignit1,, n potf.tntial 1e a maximum. 

i.ifhen eop:p6r 1,e tne cath· .. ,ae this et'tect 1e not 



obae?"Ved. 

this cu.rv e 1• above the e.or~espon41ng one for 

copper ind1oat-f$s that the oppos1 te. so-mewhat impir:e 

carbon, baa: 1a.flueneed the eopper eharacteria tic 

to a oontddEiMble extent even at this lo• current • 

. the intlumce of cur:rmt on the reipi titin 

potential.a or metals 1:n a.1r at atmospheric pressure 

was determined tor copper. aluminu~. cadmium, &inc, 

and carbon steel .; the ch$raeter1atics of •hich, 

except t or sine,_ are p.reaent0d in Figs. 31 to 35 .. 

All values tor theae materials were obtained from 

oae1llograme and tr,l;.e average values ,'>l 40 to t-0 

individual l"e1gn1t1on Pt) tontials are indicated by 

and. pita and tne gap readJuated b6t•eet1 each reeoro. 

The muimw:tl and ~1nimum velue-s found • tbe osc11lo• 

gram ot each ovront are given to aoo11 the greatest 

variation tl"Offl. the ave.rage. It is interesting to 

note tha t the mu•ves ot: maximum 1 a.verage. and 

minimum re1.gnltion potentials &X"e all of the aame 

g:ram• when zinc was used were S t) erratic that 1t 



was impossible to ,hitol"m1mt a curve sho•1ng the 

effect <>f eu•i-ent. Tb.is varlation. may be due to 

impurities in the atnc -,r to the etreet ot a1n4 

ox.14th Current 1e trr✓ at etteet1ve in reduc1n.1f the 

relgnl tion potential when 1t ia lea a than 5 •PePea., 

'l'hat t -he o,P:posite carbon ot the eoppel"-eai-bon a.re 

ha• a cona1d-e-:rable ef'fect 1.n lo•.ering the copper 

N1gn1 ti<)tl p.,te-nt1al 1a evident. upon eo.mpar1ng the 

valuett o.t F'ig .31 with those or Ptg.. 27 at 70 cm. 

ot Hg tor eorreapc)ndi~ eur,pents. The various 

metal oha.Mcte.t"'1sttes are e<.1mpar-ed ri th that of 

gr&.phi te in Fig. 36. It- 1a evlde-nt. t:rom these 

cu~ve.& that the er.rect or current on graphite 1• 

aaetly like that of • metal until a ourJ>ent ot 4 

amp(!lres 1a reaehed men the temperature of the 

eathod., for gn.pb1 te can cHmtlnue to increase while 

tbe tempe·Peture ,-,,r the metal i .a limited by ita 

bolling point. Peached at about the same current. 

It should o e noted that the Nignititm potential or 

copper doea not approach a constant value within 

the cuJt'rmt l'llnge atudicd aa was the case i'lf1$h the 

other metals. 'lh1s mar t>e due to tbe low 1mrk 

func.tlnn ,\t cuo which 1a inevl tably pre:eent when 

the arc ie 1n the air. 
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oseillogrtmui wc'.l"e tak en to detel",\'.i1ne the 

ertect or impurities upon the reignition p.:ttentiala 

and ape SWlii\'HWized in Fig. ~6. 'fbe Pe-8u1tn of using 

a carbon which •s bipregnated with a fa1.r quantity 

o.t' acd.iwa hydro.J:ide as ol1,e electr-ode and an untreat~ 

carbon of the same • took are indiea ted by eui•vea F _ 

o., a, «nd 1. the re.ignition potentials ot both the 

treated and untreated electrod<-tS were very markedly 

reduc~d t ... rom the eorresponding valuee when th-e un

treated ~lectr(><ie was run against eopper. C~ves D 

and N are f'or pure graphite as one electrode and 

the other a eal'hon made by the National Carbon Com

pany for use in flamin~ arc lamp•• 'the latter 

ea.Pb,:m eontalned about 35'i asb,, eon.a1st1ng. of 15% 

ot the rare earthe, eer1tw• n~1dya1u.m• and lanthan• 

1ua. and 20% ce.lcium tluride. It io i.mp&.rtant to 

note t .hat 11ot only 1.s the re1gni tior,i pot.ential of 

the impure electrode lowered .from its pure charae

terist1c out that alao the opposite pure 2leetrode 

has its reignition potential lowel'"ed ahwa t a.s mueh 

as the impure one. 

In order to indicate the effect of another 

,µby:s1oel property ot electrode m.atorie.la upon arc 

r eignition the etu'"veis of Fig. 37 :#ere plotted 
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&h:'.;.~1ng tbe ta.fltumee nJ' · .. ~ eoeftloient or heat 

eotlduotivity •'J.£ the elect.rode upon the r~1gn1t1on 

po tential. As the cu.went 1a lnci-eatuld the low 

coeff1c1ents of 06\.rb.cn and graphi tfl b.&Vfll a pro• 

nntaioed effect 11.pon tbe re:.1gn1t1t►n 1,;)0tential. ftle 

ift:alues ftYr copp-er were ta.km f'rom the maximum 

eurve.s oC the culppe.P◄arbon a.re. 

lktth p,pesnre: an<l curr-ent may oe aeen to 

have ,m ~rrect oo the re1p1t1on p-ot.t:mtial through 

their cf'tect on the <uatb,ooe temperature by con81del"• 

1ng the pbotop•eJm.a of' the arc. Fig. 38• for two 

ourrenta: and three pre:esuPea. Fo:r low pPe:asrtiNs 

tbe ~_!ft_! cathf>de are,a is poor-1:r defined. and 

f.;'..xtends ov~ • v•ry large area which 1• 1,ncrea,sed 

as 1n (b) and ( e). As the preasure 1s increased. 

this apparent eatb,:,d.e ar-ee decreases and • t h1gh 

pre&suree it is confined to the plane end at1rraees 

of the electrodes. It is evident that for a given. 

eurre,nt, more energy 1.s b~tng put into unit cathode 

area at hlf,,b pveasures than at low pressure-a and 

e-ona.,quently a high cathode temperature is produc-ed. 

Another .factor influencing eN :re1gn1 tion 1s 

the rate or rise ot the bprnaed. voltage at current 

zero. In a Neistanee c1Peu1 t u 1ras ua$d in thia 
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wo:Pk the rate of rlsG or 1.mpl'"tMu~Eid V'l"lltage may 

be varied o:, ohan~1ni t:h• tz-anai'·., ?~\H ir" voltag.e or

by changing tbs frequency. 'lbe f'irst method was 

mcis t tJu.ceessful in t.h1s ease and th;e r&Rl ts !'or 

a gi-a,phi te ape in nitrogen a.re presenttld ln Figs. 

39 and 40. fhe epuk voltage is indicated ae t .he 

point at .ee:r.o dV/dt• this 1s not a tt,,1ctly correct. 

of co~se,, but it 1& s•tletactoPJ tor the purpose 

r) f plotting atnee the rate oC rise or th.e- o.c. 

voltage used 1n ,')btainine t.ne spark: obara~ter1st1e 

\9.ae very small compared to that of the r-e1gn1t1on 

ot the •J-C• lnora.s1ng the f'requ.eney was also 

found t,> decreas~ t-ne i-eign1t1on voltage. Increaa• 

1ng the rate or rise ot applied vo ltage 1$ seen to 

be leaa effective in lowering the reignition 

potential at low pr-esau:res than 1 t is at the higher 

presau:rt.Hi. 

A. aumma.17 or the materials etud.1ed f or air at 

70 cm. ,of Hg and cw-rents greater than 4 amperes 

is given in Table I with certain ct their phy.sieel 

con•tants wb:ieb ma7 affect arc :re1gnition. I t. is 

seen that except f nr et.eel, dee:r.eaalng coeft'io tent 

of' heat c ~nduot1vity 1s accompanied by a decrease 

1n the .rei,n.1 tion r;,ot-entlal. T'ne nme ts true for 



th• specific heat &XO$'.Pt f ol" gNt:ph1te.. &th 

fsctors tend to make a p:1 vm euPr~nt !t(:1tff effe,.,c• 

ttve 1n ra i sing the ttmpenture of tb,e eoctive 

p-oi"ti<.1n of the ~leotVO<tie. 'f.tut tberm1o:n1e con• 

Btants infiieete cause t'or vari.at1<.Jn ba tht'?' i-etg• 

ni tton po tE'.n tials er metals aa do,.~ al s.o tbe wol'"k 

.f\ulotion. In &zy.J!e eaees th@ WoPk !'u.aet1on or the 

metal is greeter and ln otb@P5 it 1• les8 tham 

th.at or the oxide tlhieb 1a constantly being f'oNed. 

S1nee the t:t.'!~:peratu:rtrr of cadmium 1.t. limited to 

a value wber,e the etf !IJct of temp~rature on field 

c\1rrenta i,s small; l t ie i,i-obable that its oxide 

le very active, n-eoeuse or 1ta low "on .t\\net1on_. 

1n. lowering the z,elgn1.t1ot1 potential •. 

In "l'able !! • sum1~a.r7 18 made of' the e.ft'eet 

of the four- gas-es on .the rei.gni tit) tl po ten ti.al or 

graphite. together with so.me of their physic•l 

eonstsntB. i"he1~e is • pos1tiv~ corx-r:lat1on be• 

tween. Peign 1 tion po te.ntili!ll and the e:oef tio 1ent of 

reoomb1nation and the rno bilitf of the gae ions. 

"fne spec1f1e heat relation 1.e, such as to raise the 

rt1ign1 tion potential instead. ) f lo'lJfer it; but it 

ts probable that th.la factor- playB a very small 

pert.. '!'he relation bet\'Hll,OO the ritlin1t1on p1)ten• 
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U.al and tho m.b11'ber ot: ion paiPs prc;du,ced by a 

negative i on 1n '.Jtt& centimeter ot d.Pift 1& the 

opposite of that which would be expected. The 

re1gn1t1on potential end ·the cathode dl-op &l"e 

atmilarl7 affected by the gasN, 1nd1cet1ng 

i-elated phmc-1,aena. 'Fh.e S;~1&1ng potentials d.o 

.not 1nd.1eate an explanatit'>n or tu· var1at1~-.>n ot 

the reignition potent18.1. 

S1nee the &N 1s a very complex phenomenon. 

the properties 11,e tea in 'fa.bl.ea I and II •r~ those 

which could nave some et.feet upon the arc n1gn.1• 

ti.on. '.the actual value of the J'81fn1t1on potential 

1a quite probably dne to all tb.eae factora acting 

at the nme time. Under Cel'"tain oond1t1ons ~ 

pressure and Cll.l"'~eat aom.e factors will predo.m1.nate 

and unde:r di.tforent c ond1t1one othe.r taotors will 

be contr-:.>llin~. 
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A.t the values or pr.easure, CVNtt1t and 

.fNttquenoy at which thie work wa.s done the Nig• 

n1t1on potential would be ap-pro:11~tely the same 

ae the .a parking potential ,) ! the gas u.s ed if the 

ohaac te•i• ties ot the elee ti-o4es dl<l no t e:tuuige 

during the t.iiachai-ge. 'this: 1a tl"Ue because the 

time required tor all the ions and electr--ona of 

a sh,,,r-t arc to t-.f.\C◊mo1ne 1s extremely short13 

and aince the e1Peu1t being used o& ali:t1oat pure 

resistance,. the voltage aePOae th.e gap tncreased 

as a s1M wave at a i-elatively slow i-ate 11 allowing 

a lai-ge d1on1ution or the gap to take place. 'rhere 

may be &ome alignt effect due to an lnerease 1n 

the ave-rage tempe.nture or the gas; but large devia• 

t1ona of the n1gn.1t1on potential fpCjJ! the apark1ng 

potential au.eh aa have been shown to occur oy the 

•peritaental result• muJSt be explained by changes 

in th1::< pPope-rtie,s o.r the electrodes, an.d part1cu• 

larly 1n that elee:t:l"ode which 1• to become the 

cathode. ,,;,nly those changes need be conaldei-ed 

w:b1en vmuld effect t he numbi.t:r o f ele,ctr-ons em1tted 

b:, the cathode o.r- the ease with wh.!eh they might 



be •1,tted by the high intens ity electi-tc .fi.eld 

p,o<hlced by the poa1t1vo 1on abeatb cone:t1tut1ag 

the eathode drop region. Th• only factors would 

ae• to be the ®·•pereture ot that e~~t-ion o~ ,the 

electnde which emit.a electrons and th,o pr,eaenoe 
. _.._,,_..,..,__, _ _., , _,._......_.~•-·....__..,-..... f. )II, ... - -~-

ot electPOposittve ~ater1ala which have low work 

f:'U.nct1on.s. 

At high eleot.r-od.e temperature• th~ electi-1e 

r ield. neeeaaepy to produce aitr101ent elect.Pons to 

ma.int&in the *" is Pe.due-ed.. It the temp-entu.re 

ot the electrode 1a b.igh enough. a autt1e1ent 

nw:aber ot • ·l•otrone tUJ' be emitted bJ thermionic 

action to Hignite the arc with a Yo lttage no h1ghel" 

thas that Pequired to maintain 1 t., Thi• latt$r 

con:d1 ti◊n d1d not obtain 1n any or the caaes pre

sented 10. thta paper etnce in all cases a re1gn1-

t1on potential was neees.s.ai-7·. At the higher 

preeau.:res t.nd at tbe higher cm-rents with carbon 

and graph! te electrodes this potential mu! not high. 

It is believed that tn thtule catu,s the eleetr(:,dea 

wore l\('.lt ~ough to end t a eona14erable thom1on1c 

current t.rom the active spot; though not autf'1cient 

electrons in number f or the large cur;rent density 

kn,.'J W!l to ex1at at the cathode spot, ria:mely • dens1 ty 
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'Jt th• Ol'-d-ea.,, Qt Cl t&Q\iUl8.nd am:~l"f.lJ& P&l" ••r• 
<Htnt1wotev .. Wh.et:1 t h~ l"t~1~nlt.1on. potential is 

r,elati'f'ely low, as 1n the tnna1tlon Pegi,on 1ri.·utr@ 

1t lti dee~eaaing N?1dly with lner,eaa•d. oui-:r-ent, 

,1utfiot.mt electrons to ma1nta1n the an are 

-oably pJl"04tioed by a eomotnation <Jt bitb tftm""' 

p·watui-e a.mt high electric t1e14. l'.t te interea• 

t ing to note that at th• lo# valuee ot O:UP~at, 

1.e. lea~ than 4 amperes, and aleo lnr lc>w ~•erniur,oa, 

tbe Pe1,r;n1t1on µotent1als t or carbon an4 gNpb.1te 

&N ot tho same 0.rdftl" of usnitude aa thoae ot 

the r~ ct-.la aad .rurtbe:r that the ettect of lnerea.e• 

tng the eui-rent ln th1a region, 1.-e-. the shape ot 

tbe l"ttlgn.1 t1on pot-tm.t1al ..-euP~t curvtui ,- la the 

same r or- all mate~1ala studied . Here the tempera .... 

ture ,,t tb..e aotlvt, spot 1s too low to plaf any 

eaaent1al papt, end ttu, restr1k:1ng ot the a.re 1e 

largely du• to the elect.vie field ot high 1nterud tr 

that ea1•t• tbe·H• It ts lm~>rtant to D(> te that the 

6N GU.l'Nttt baa a ver,y def1n1te, though r~lat1vely 

small. etrect upon the r eignition poteat1al~ o.t 

metal a; thte efteet do@e not oontlaue r .or large 

cu&-~$ltlt& oecau.n the &lootrode tem~ntu.re 1• limited 

in this caae by the boiling point ot the metal-• 



gnpbite. 

It 111 W(}ll knom1 t hat f:le,ld cu.r:raenta due to 

h1gh int@nsi ty electr1e tit1lda &l'e indf,pmld•nt ot 

the t.eiitpeNtur,e of the eleotrr:>de& \uttll their 

tern pei-t1tur.~ ueeeda about 1oc>C.1.::l11:3 • Coneequ.cmtl7 

it is only et-temperatures h.ignez- than this that 

any Ml"ke«li ditfe.renoe bfitlleen the retgnttton po ten• 

t1•1 and ·tu •Pllr-ld .. ng potential would bO expf)Cted. 

If the t•perat:ui-e is lower than t hla any d1tCere-nee 

between the apaplt1ng 1>otentlal and the p.e1gn1t1on 

poteint' al mlgbt be, du• to a 1••ter nullher- ot 1on•• 

atld e l•c troiui remaining 1n the •~ce bet••en the 

elcrurtr(>d~.s. because of • pr$v1ous arc OU."1'ent. when 

the aN 1& reet:ruck.. 11.ne taot that the Nign1t1on 

potential d.·::J.e& not c:iMPfUl&e w1th an 1.nol'•ae or th~l 

av0.nge temper-ature ot tho electrode, I.e. it 1• 

not noticeably lower atter ta halt eyoles thlm 

atte• the tir•t half crole, la 1n •coon -1th the 

indepen.dence of the• .fteld ou.rrmt and t .emperature, 

pl"ov1d.1ng th-e tmnpenture is low. 

on the other band anything that either increasrts 

the tfltfflpcu-atul"e of the cath(jde epot or anything that 

dee~•aea tho c ooling Gile tJ1at electrod.$ 1ft an.ode 



aud dQ.~!ng the pcu•iod ot• aeN> .ou:ri-ent• 1a .f i'.:>Un.4 to 

deel"eaae tbe, l'ft.$,p.1t1on potential.. Thus both fill 

lnoree:&e 111 c.nirrent and aa 1nere&u1i., 1n pNasu:r-e 

oauae a great€,J!' difference between the z.e1gn1t1on 

potential and the .apark1ftl ,potential beoaae both 

1.norea-ae the tempentt.tre or tne oath.ode a:pot. 

Increasing the pt-oasure laona.eea tbe tenpeMture 

ot the eat-bode spot bec.-uae tbe aiae ot the cathode 

spot deere&&e$ •• the preasure tnoreeset1 •nd oon••• 

quctly th.0 OUl'-f'$Gt 4ena1ty to the cathode spot 1• 

incree•cd• lncreae1ng the 1n1t1al Nte ot riae of 

voltage acl'Oaa th;@ pp and 1nereaalng the trequenoy 

of the appl1ed wltase nave beon fotlnd to deci-eaae 

the N1gn1t1on ~jtent1al tte,.iauee both allow leas 

time tor the eatht.Jde spot to cool end al 10 loae time 

ls a va1lablc fo~ dtit1 (1n1a• tion or the gap. In the 

-• way lt la found that • higher coettic1ent ot 

neat conduet1v:1ty and a h!gher apeo1tto heat of ~he 

electrode ta• in. general• eocompanied by a bigber-

1•elgn1 tS.on potontlal; the f<>rmcu• c,1malng tt-Mt~r 

cooling and the latter .requiring a:u:>re energy input 

fop a given ta,entuNt. lt 1a bel1ev~.d that the 

r-eaaon the N1pit1on pot,.ntle.ls are 1n the oi-der 

g1 Yen in table I •&nd Ftg • 'i>'l 1& <kle to a oonalder• 

able extent to the t-.t that the electrode apee1f1c 



beats and. eoetttotente of beat cond.uct1v1t-r are 

1n t.be -• oNer; w1th two exeept1ons, well'~ other 

t'aetol!'•a ue- ot>•iou•lJ att"lre tapo..z,tant thtm, then~. 

Materials whlOh haw•• le• ~It tunot1on will 

•1t eleotl'Ona much more Nadtl:, thu tboaa with a 

b.1i..h wol"k fu,neti i-;n.,. eonaeque:ntly 1t there le 1n the 

e l eoti-ode an. 1mr;~u"·1 ty sueh •a one or tne a.1kal1 

•rtba, which hAlve • much lower ¥alue or ,;,ork 

t unetlon tban the electrode matetal lteelt • one 

would expeot that the N1p1t1on potMt1al would. oe 

•irf.!uca lo•e.r than 1n the oaao ot a purti elec tpo.d,e .. 

file u.pa•lflentel Neulte auw ~t tb.1• 1• true. 

The reaulta alao flhow that the •ount ct aueh 1mpur1 ty 

need be very- amall to aftect the· N1gn1t1on q,reatly, 

slnee lt a pure OteJ>ial 1a \lNd u one electrode 

its N1gn1t1oo potential 1• deoNaeed aeal'l7 •• 

much u that of tbe electrode b.avlng the tnpu.PltJ 

ta it and has tu oppoa1te po1-r1iJ• ~1ae• mat~rtal 

1a being contlnuo,uil:, vapoi-1»ed t:r,• t he Rt-fac., ot 

o,.Jtb electNtd o.s, there can be no ecouwlat1on ot 

1.mpurit iea on the piu'-e electrode. A tNce tJf 1m• 

P\lt~1ty such •• the alkali mete.la 1n a r&lat1ve1J 

pure electrode o.an aeeount t o i- the i-andum var1at1 ,:>na 

ot tbe re1p1tion potential. 'i'he reignition pote,nti•l 
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We'u.ld b~ lo~ 1f a traee ,:-~f alkali mt1tal ba;ppt\!IUrd 

to b~ on the &UJl':fae@ ot tbo •l ectPOd.~ b$Coming 

tbe eat:bode. The 41fterence in work runot1on ot 

tt\etal.• &Hi tM1r oxidfls would p-:roouof!' Mt-1at1()ns 

1n the reignition P,:'!>te:ntial in. addition to the ever 

pPeseu t lmpur-iti&$ • oh&fl these matuiale are used 

1n air. 

The et·rect of gaae11 ul)0n the reignition ot 

cm a:rc ia 'VOPJ Ct}mplex. isomo !{}~ the i)Nperties of 

pHa which could 1l3tluenoe N1tn1t1c•n have been 

listed. 1n Table 11. fi1e fjffect of ohaical pro• 

eesses oeeur1ng in the arc re:gion is not kno•n; 

'but qulte ~b•bly enters to a coneid.~"ble extent. 

Trio ~•ll known eff~ts of gases on tbem1on1c 

e,.,111asioni ,u.,.e. r1ra.t. the tormat1nn of an adsorb~d 

mcn:-H,moleeular or- mon.tom1c film on the surface:; 

second, pos1ti'f'4h ions are f .,1r-med wb1cb aputter 

ato1aa off the emi tt1ng $Ut-fa.ce and u7 aftect 

~11uion. o,onalder~bly.. ln gene:Nl an ad$t)J"bed gaa 

laJ·er d.ee:re,ui.&$ eleetro:n e.m1Bsion; but in the ca8e 

of oa:rbon and oxygen tho efreot ls the oppos1 te--. 

In conjttnction with other prGperties, the 1on1ut1on 

potent1al ot the g&lil and tne propel"tiea of 1t$ ions 

w111 affect the reignition pot~nttal Jtu»t aa they 
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attect e1 th.er th,e deiordS&t.:tr,n fit the ij.ap t-:tl"" the 

t(;i.~mat1on 9 f the posit:! ve ion etHHltb of the oathoele 

drop. 

All th~ ffllf)et-!.mental taota are bl aee nrd with 

tbe following th~ .rJry of the tNtna1t1on from the glow 

dlseha.:rge to an aro •h1eh nae l'>een proposed bJ 

glow d1aebal'ge is first rottmed with tho relativtllY 

b.1gh cethi'jd(t dPOth As the OUl"r'Ct d«ts1t:, at the 

cathode inenases, 1n the P6g1on ·:}t the abnormal cathode 

43:'0P, thG •r.nitude or tile cathoa.. d1rop 1niereaiuJA 

and alt00 th1e oath.ode drop 1.H!@uN 1.n a region wb1eh 

1s ol..,eel" to the c•thodie. &ith ot the$@ etteet,;; 

o.auae an 1noreaBe 1n the 1nteiurS.ty ;_,t the electric 

.field extatit1.g 1n th• cath.Qde drop end conaequently 

1noreaee the en•rar that the poe1 U.ve 1ons have when 

they hit the oa thode. Aa tne energ of the pou 1 ti ve 

1{:,.ne increases ther :ppodtu:Hil • l-ePge:- number of elee• 

trona from the cathode by btw.bai-dment. It' n,)111 et.me 

1m-pur1 ty 1s a.a &umed. <:m the aurtaee of the ¢tlth\i.ide 

i,r avm:i'.O 1PPc,:ulari ty that pit<H1ueti s • k1gh lntens1 ty 

local c. lectrit} fteld, ti-um tha.t porti m of' t.b.1J 

oattwde w111 pr..:>chace & larg*.r numbe-t- of eloctr4,ms 

than any otbeP pa:f!t of 'the catht'Jde. 'toe el ootrona 



rre¢d t'P,:'.lm the cathode will produee 1on1aet1on 

m1c.h will b~ m.or~ 1nt.{';IUHJ n6lll"' th\l act! ve spot on 

the oathode aurfa-o:e. Du~. to the h1gh mol:>111 t:, ,)t 

the electrons. cc.n1p&~f'-d to the po8'1t:f.ve ions the 

t '.' 'll-B!0l" «111 d.1S~l"lh:t 1:nto the body .or th(' gas le-av• 

1ng behind the pos1t1 vely ebara-g~d. gas 1or1s. !his 

will t'tll!"th~r J.nel"'ea1u, the f 1~14 near the active 

aurtae0 of the ea-th(,de with a corNu1pondlng inepease 

in the numb~P of electrons f!t<l/')itted f1--r::ni1 tha 't spot. 

1~1a procese 1s ftr'c'!Ulat1ve and pl"OOeeda rep:f.dly 

until the ~leotric tield existing at this active 

spot 1e hi~h M )ugh to pull large Wt!!bers or el ec

trons trom. the oath....,de eurfaoth ~.nm this oecurs 

an a.1"c exiats «1th its eharacte~lstic ah-ot. spot,. 

with a very hi~ C'UPNnt deneitr and with a lo-if 

cathode drop. A hlgh tmiperatuJte at th.-, cathode 

arill decr-esuie the l:'tl&,gni tude of the• electric field 

necessary to prooucf: the~~ electrona. 



1. The re1gn1t1on potent1ala of all materials 

studied are atteoted the same by currenta from 0 

to 4 at1peres. f'or bir,;her c\U'trentm th-e d.1.ttere11ee 

bet ween the Nigni tlon. P<,1 tfflt1&.l$ ot cai-'bon and 

graphite., and th.t"JS& of the meta l ~ 1a very great. 

2. At low pr,e3 ~u.Pe2 a reignition potential that 

ts nigh eompar~tl to t he are voltagt5 1s necessary to 

ostabl i~h the are even when the eleotr,:tdes are earbon. 

3. All factor# tending t o co :,1 the electrodes 

increase t he :tt<eignition potential .. 

4. Th.e reignition pote,."l t1al is a function of the 

cond1 tion of the surt'aee of the eleotrt'..ld~.a. and may 

be d~rea.sed markedly by minute traces ot impu,r1tles 

of low work !"unction materials. such as the aH::all 

metal.B. 

5. 'fhe exper-1:mental reaul ts are consia tent #1th the 

thtHH.•y that the tran.sit1on !'rt.>U1 a glow daeharge to 

an arc ie du.e to the establish11Hmt at a high po•1t1ve 

space charge at .tihe t:turfac e of' the cathode- producing 

an e lectric field nt~ high intensity w.b.ieh dpaws out 

large nu~bers ot electro.n.a tri,ro the cathode sur.race. 
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, ,rdeP t>t ci . .,reaa.tng re11n.1t1oo potffltial. ( left to 

r ight) fQl"' 70 01~ .. (.) f H;. and a\UT'f!!nt~ gt""Mter than 

4 e r1,1pe.t-tH1i , F1g. Zit>. with cet-ta1n pnyslcal pN.;p~t1tUh 

speolt1o 
Heat 

Coeff'1.e1.mt. 
t'> f {!"' 
C;:,nduc t1 v1 ty-

!:tJiltng 
1•,~1nt i;.:,c 

Al. 
(Al~ils) 

o·bi 
(20t:>-O} 

lk)OO 

(3 .. 5 
0 ~10} 

3.6'1 • 
(3 . 90) 

Steel 
( Pt;.20z) 

1530 
{ lf>4l) 

2460 

(~i.5'73 
.:llO - ) 

4."12 
{3.82} 

cu ... 
(GuO) 

0 .. 12& 

1000 
t1oe4} 

2z;;10 

9~106 

(3.b -& 
,tlO ) 

Cd. 0Ntpb1t@ 
(CrlO) 

321 3&00 

1WJ !.600 
(1000 ) 

(~1$.7 
-1) 

.. ,.4e
6 .x.10 iiolO 

5.02 (~.02) &.4i 
(2 . 25) 

3.71 (2.43) 3.9~ 
{l.76) 

~ 

:r = • ·1 ~ ~-,zp( -tl·n . 
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Nunmia~y n r ga ~~ ~ u ~ed. w1 th pu r,e g:;i,apbi t,i1 t() gtitth0r 

,v1th their pbyf;1~a.l Ct\USttant~lh l..lat«t 1n th.Et order ot 

deoNasin,g P~1@.",n1tii) lil p,Pti:>nt1al (left to rlint}, &$~ 

tto letcula,.. 
/ite1~t 

Iori1•big 
Pt,t~mtlal 

( vol t'1} 

~"?• i>ee1f1e 
l1eat 

Pf t11t'Hltilblna t1on 
Coett'ic lttnt 

Ct 10•\t)) 

~,>'bil1t7 
). im)S 

... " 
Attachment 

c:o,s ff:1e1ent ~ 

Ct--1t1oal 
~•otm1t.tal 

Cathod-6 Drop 
F'e Catb. 

cu fl 

Al 

44 

14.~ 
{lB,l.'7,.29} 

o.76 
o.e1 

{CC 
!). ~1} 

l.6l2 

l.29 
l.?'9 

310 

1.603 

l.~'7 
1.00 

4.3xl0 4 

14.a 

~5 

260 

252 

229 

* rl11ectt~on !.mpaotfi! to ~n•i;;l d:UC€' 11 fl.fJ~&tivl'½ 1on . 

11.n 
(24) 

1.27 
1.84 

£;1.52 

12.4 

27 

21!;, 

208 

179 

it,.. Constant$ f <'J t- b • A p eX~)( • ·,Jp/f } ~ numoer of 1rr>n pa1rr 
pr,,dtic,Ni by a ru1gat!v~ 1. :n in l Cf,h dr-ttt. p ;: presnure 
1' a @le-GtJ,o Slta ·t.1a i'i~ld. ~-ii ~e P1}:f~rencf!I! a$ v .2"'17., 
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'1.I (J KJ (! f:';;l \f 



Du.ring tlie Qouttae ot th1a research 1 t haa 

beoom:e apparent that certaln queot1ons Atgal"d.1ng 

th• taotora af:feot.l.ng arc reignitioa and. Pel a,•d. 

ph enomtma e..~ould be an , ,,,ered if a m,J:re thoreugh 

knowledge cJt th~ •l"e was to be rN.ched. However,, 

these queot1ons invo l veci rtalJl!t.roh projeota beyond 

the eoope of the p1-eu-er1 t 1nv t atigat1on and are 

there.foN prtHHm ted !1ere as :t.tlgiestiona f rrr further 

Nae.at-oh 1n tht s .field . 

(a) I'he ext en.s1on ot the p~ese:it investigation to 

pressure.a above atm◊a r,.iher!e w:.,uld p!'ove 1ntere.at.1ng 

eud valuablt, and ·ia11ght unc over valuablet pPOperti ea 

of certain materl.&la ~ih1ch wo:.~ld. o e useful in 

e ~'l i t ohiug. 

{b) Tb• work cevertid 1:n t he p;roeont research was 

all t or a oireuit of ver y em.all reaetance,.. 'the 

effect ot lowtfU" pofie.r factors c..m th .ft a-e.igoit1on and 

ext1n~ishing: po tentisle at various preeauree and 

ourrenta ahou.ld be dttemined sinc e most pi-aotical 

are circuit~ ave not or lOOi pt) 'wer factor. 

(c) lt 1a Ngges ted t hat a study be rictad~ of a 
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oona1dei,able numo1,1u• of' UH! tale; detem1n1ng t.be 

etfeot ;)f 1rn.p\lr1t1es ,.,r any kind that mt~ht be 

present and ala~ th$ etreot or gaees. 

(d) It :flO\tld be: intert,s ting and 1f1etNet1ve to 

det♦rm1ne t~ critical dV/dt fop &l'O eJtt1no tl<>a 

in an indu.et1ve circui t by the metht,d used. by 

:tr. T.h:. S~wne, J:r. in hia atudiet nf attaa 1n 

turbul<i:n.t gaa es, t or vari ~>Ul!i gas.oa at low J;1reasur~• 

and ala.o the ett'ect .:; f' cu.l"rient upt1n tb12 factoi-. 

( e) By m(tCla ot,' • full wave :.reot.itie:t• of thyratron• 

it •ould b(f p~1eu1ble to deter,n1n6 th.e et"t'eot ot 

having tutoh eleet:r•od.e alwaye or t he aamo polarity, 

instead of al t er.na.ting as i n th.$ pr·te.1umt wc)rk. Aleo 

,,.., t>roperlJ baaing too grlds a att!.1y oould be 

made of the et'.f' $C t '.)f various ttu.ratit)na of zerc 

cuvttont upon th.a a):'>C char&etor1ation. 

(t) '1'ho ef.t'cct of fi•equ<!lnOY and initial ctV/dt upon 

tho N1gnition and extinguishing poteutiala aboult\i 

be de tflrtilined f or a gr eater range than was pc}aaible 

at this time,, 

(g} ·rhe 1n.t'lu (lno e or the vari :)US faot.'..:, re studied 

in this pagrnr upon the eJll. tinKuish1ns potential 

should be de-t01-m1t1ed. 

•rue a i:►ove .eu,;,p,;es t1 -:ms oould 'tl~ os.rr1ed. out 



with the present upe1~1:mentttl eet-u·p wtth • 

minimum of cb.an1,n and add1.t1ons. 
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